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ABSTRACT 
A mixed-integer model is proposed for dynamically assigning containers to positions on a 
container train.  The problem is to assign containers of different sizes to positions on wagons 
so that mass is distributed towards the front of the train.  This must be achieved with the 
minimum number of pin changes which arise from previous usage of the wagons.  Other 
considerations include separation of dangerous goods, maximum axle loads and train height.  
Arrivals of containers for loading are random so the problem is solved over a rolling horizon.  
Because the problem is NP-hard,  heuristics are applied to realistic sized problems.  This 
study compares several model alternatives and investigates the trade-off between mass 
distribution and handling time. 
Key Words:  transportation, scheduling, simulation 
 
1. INTRODUCTION 
Intermodal terminals play an important role in the container transport network by providing 
an interface between the transport modes of road and rail.  Containers are transferred to and 
from trains using equipment such as gantry cranes, forklifts and reach stackers.  For outbound 
trains, terminal operators must devise a load plan which assigns each container to a particular 
location on the train.  This study aims to develop a theoretical and computational framework 
that can be implemented within software to assist terminal operators in the task of load 
planning. 
The intermodal terminal under consideration consists of several transshipment tracks 
adjacent to a platform.  Trucks arrive randomly during a given window of operation and are 
unloaded (or loaded) with containers by handling equipment on the platform.  The platform 
also includes a temporary storage area usually one or two containers wide stacked up to two 
high.  Once an outbound container is lifted from a truck it is either placed directly on the train 
or placed in temporary storage.  Placement in temporary storage is necessary if there is no 
available space on the train when the container was lifted.  Temporary storage is also used 
when an inbound container is unloaded from the train but no truck has arrived to collect it.  
For inbound containers temporary storage is mostly unavoidable but temporary storage of 
outbound containers can be minimized through careful load planning.  Placement of 
containers in temporary storage is known as double handling because a second handling 
operation is required. 
This study considers a terminal that performs unloading and loading of a train 
simultaneously.  A consequence of this policy is that sometimes outbound containers arrive at 
a faster rate than unloading inbound containers.  When this occurs, the surplus of outbound 
containers must be stored until more space is available on the train.  Which of these outbound 
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containers are stored (i.e. double handled) is determined by the load plan.  This is because any 
containers planned to positions that are yet to be unloaded will incur double handling. 
There are however other considerations that conflict with the minimization of double 
handling.  These include weight distribution of the train, wagon axle loads, dangerous goods, 
train height limit, and other handling related issues such as travel of machinery and wagon pin 
changes.  Many of these considerations are implemented as constraints to load planning.  This 
leaves two main objectives of load planning which are to optimize the weight distribution 
(more on this later) and to minimize handling time. 
In many small to medium terminals, load planning is largely a manual operation.  Planning 
of container locations is usually limited to certain dangerous goods containers and unusually 
tall containers.  The locations of all other containers are determined on the fly by the handling 
equipment operators.  Each time they lift an outbound container, the operator visually 
identifies an appropriate position.  This responsibility is a distraction from safe operation of 
the handling machinery and can lead to errors.  One example is when the last container to be 
loaded is 40 ft long but the operator has left two separate 20 ft spaces requiring significant 
shuffling to fix the problem.  Industry experts have told us that this occasionally happens, 
particularly with inexperienced equipment operators. 
The main problem that equipment operators have is that they are not aware of the types of 
containers yet to arrive at the terminal.  This lack of awareness limits their decision making 
ability and can lead to time wasting reshuffles.  Whilst visiting an intermodal terminal near 
Sydney we witnessed the reshuffle of two containers because a tall 40 ft container arrived 
requiring a specific type of wagon which had already been loaded with two 20 ft regular 
containers.  This shuffling operation wasted about five minutes of handling time. 
The significance of this study is that the responsibility of load planning is removed from 
the equipment operators.  We propose a system whereby load plan information is relayed to 
their remote terminals and they simply position the containers as instructed.  This allows the 
operators to concentrate more thoroughly on the safe operation of their equipment.  It also 
eliminates reshuffling because all containers are considered when making loading decisions.  
We propose a mixed-integer model for load planning under this type of system.  Heuristics 
are applied to the model within a simulated intermodal terminal to investigate various model 
alternatives.  The paper is organised into sections which address the topics of: the current state 
of research, detailed problem definition and model formulation, solution techniques and 
numerical investigation followed by some concluding remarks. 
2. RELATED RESEARCH 
Bontenkoning et al (2004) state that intermodal transport is emerging as a research field in its 
own right.  Along with the study of Macharis and Bontenkoning (2004) they provide an 
extensive review of transportation and operations research literature on intermodal terminals.  
Here we provide an overview of intermodal research relating to the problem of load planning.  
Although there has already been several studies in this area, they have focused on different 
systems of intermodal transport. 
The methodologies proposed in this paper expand upon the study of Corry and Kozan 
(2004).  They consider load planning in a system that is similar to what is considered here but 
for several differences.  Firstly, they ignore the issues of dangerous goods, height restrictions 
and pin changes.  Secondly, the most significant difference is the assumption of uniform 
container lengths.  This assumption simplifies load planning into an assignment problem 
which can be solved easily.  However, the uniformity of container lengths is often an invalid 
assumption. By removing this assumption, we later demonstrate that the load planning 
problem has become NP hard.   
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Another closely related paper to this study is that of Bostel and Dejax (1998).  They 
consider a rail-rail transfer facility and propose a model to determine optimum locations of 
containers on origin trains, destination trains and short term storage.  The handling time of 
containers depends on the transfer distance from origin train to destination train optionally via 
short term storage.  Their model minimizes the handling time by selecting container locations 
that minimize the cumulative transfer distance.  Like the study of Corry and Kozan (2004), 
their model is limited by the assumption of uniform container lengths. 
A different type of intermodal transport system which is popular in the US is the 
piggyback system.  Containers are loaded onto the train whilst still attached to the highway 
trailer that was delivered by road.  Feo and Gonzales-Velrade (1995) consider load planning 
in this type of system to maximize utilization of trailer hitches on the wagons. A broader 
version of this problem is considered by Powell and Carvalho (1998).  They propose a logistic 
queuing network model to control the flow of wagons across the network so that terminal 
requirements are satisfied.  
The following section provides a detailed explanation of the problem considered in this 
study. 
3. LOAD PLANNING PROBLEM 
Load planning describes the problem of assigning containers to positions on a container train.  
Based on various terminal configurations there are two major attributes that define a load 
planning problem.  The first attribute is whether the load plan is static or dynamic.  A load 
plan is static for terminals where all containers have arrived before loading begins and the 
train is initially empty.  For terminals where containers are loaded as they arrive, the load plan 
is dynamic because containers are assigned to positions immediately before they are loaded.  
The second load planning attribute is whether containers are all the same length or can be 
different lengths.  Static and dynamic load planning for single-length containers has been 
addressed in a preliminary study (Corry and Kozan, 2004).  This study considers dynamic 
load planning with multiple-length containers.  Note that the case of stacking containers two 
high on wagons is not considered here.  The following subsections describe all aspects of the 
considered load planning problem. 
3.1. Rolling Load Plan 
We assume that trucking companies are provided with a particular time window that trucks 
can deliver containers for a particular train.  For example, there may be a four hour time 
window for a given train and all outbound containers must be delivered during this time.  
Within this time window, terminal operators do not know the time or sequence that trucks will 
arrive in.  This is the typical case for terminals in Australia, however there are terminals 
which have greater control over truck arrival times.  The methodologies proposed in this 
paper are applicable to controlled arrivals, however we only consider the more difficult 
scenario of totally unpredictable arrival sequences. 
Another uncertainty in load planning arises from handling machines controlled by human 
operators each with a unique decision making process and skill level.  As a result it is difficult 
to predict the sequence of moves performed by handling machines.  Due to this uncertainty it 
is impossible to pre-plan train loading and still minimize handling time.  For this reason, the 
load plan must be periodically revised to reflect the current state of the system.  The following 
events are triggers for revising the load plan: 
1. Arrival of a truck collecting a container. 
2. Arrival of a truck delivering a container. 
3. Unloading of a container from the train. 
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These events trigger revisions because they increase the certainty of whether double 
handling will occur for particular containers.  The first event and third events reduce or 
eliminate the possibility that double handling will occur for any container allocated to the 
position being collected from.  The second event significantly increases the likelihood of 
double handling if the container being delivered is assigned to a yet to be unloaded position.  
Because of this increased knowledge of the system, a load plan revision is necessary to take 
advantage of the new information. 
3.2. System States 
Through the processes of arriving and loading, outbound containers can exist in one of several 
discrete states (Corry and Kozan, 2004): (O) outside of the terminal; (A) onboard a truck 
waiting at the gate for direction to a location on the platform; (K) onboard a truck waiting on 
the platform for service; (G) grounded; or (L) loaded onboard the train.  All outbound 
containers will pass sequentially through states O, A, K, G (possibly) and L.  Those 
containers that pass through state G have incurred double handling. 
Inbound containers also pass through a series of discrete states: (1) onboard the train; (2) 
onboard the train with truck waiting; (3) grounded; (4) grounded with truck waiting; or (5) 
collected.  Containers will pass sequentially through states 1, 2 and 5, or 1, 3, 4 and 5.  For the 
proposed model, these states are divided into two groups.  The first group consists only of 
state (1) and the second group includes the other states (2) through (5).  These groups are 
based on determining the likelihood of double handling.  Outbound containers allocated to 
positions (occupied by inbound containers) in state (1) are likely to incur double handling.  
Outbound containers allocated to positions in states (2) through (5) will not incur double 
handling.  Note that outbound containers can be allocated to positions occupied by several 
inbound containers each of which must be considered separately.  Only one of the inbound 
containers needs to be in state (1) for double handling to occur. 
3.3. Objectives 
In each class of load planning problems, one objective is to optimise the weight distribution of 
the train.  By loading the heaviest containers towards the front of the train, stress placed on 
braking mechanisms can be reduced thereby increasing their lifespan.  This objective is 
translated to minimizing the centre-of-mass of the train (measured as distance from the front 
of the train). 
The second objective is to minimize the time spent by handling equipment to load the train.  
In total, handling time consists of unloading and loading the train.  However, only the 
handling time of outbound containers can be influenced in a significant and predictable way 
by load planning decisions.  For this reason, the handling time objective only includes 
avoidable handling time related to loading outbound containers.  Several handling related 
tasks are considered to evaluate this objective.  These tasks include the following: 
1. carry travel;  
2. double handling; and 
3. pin changes. 
The first task describes machinery traveling along the platform whilst carrying a container.  
When a container arrives at the terminal, the truck is directed to the platform to wait adjacent 
to its allocated wagon.  However, before the truck is serviced, the load plan can be revised 
and change this allocation.  The container is no longer waiting adjacent to its allocated wagon.  
When the truck is finally serviced, the container must be carried along the platform to its 
revised wagon.  In some cases it is advantageous to incur a carry to avoid double handling or 
pin changes. 
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Double handling as described earlier occurs when a container is placed on the ground.  
This task is performed when a truck is serviced before the allocated wagon position has been 
cleared of inbound containers.  The container is placed on the ground adjacent to where the 
truck was waiting so that no additional travel is incurred. 
The final task is the operation of changing pins.  When containers are placed on wagons, 
they must be secured with pins.  The pins latch into containers and wagons through pinholes 
that must be aligned.  We assume that the smallest standard container size is 20 feet and that 
pinholes are spaced 20 feet apart on wagons.  Containers have pinholes at each corner and at 
multiples of 20 feet from each end. 
Figure 1 illustrates the assumed relationship between wagons, containers, pins and 
pinholes.  Part a) in Figure 1 shows pinhole locations on a wagon with a deck length of 60 ft.  
There are three numbered pin-sets each consisting of two pairs of pinholes separated by 20 ft.  
The pin-sets are numbered from front to rear.  The pinhole pairs in each pin-set are referred to 
front pinholes and rear pinholes.  For example, the first pair of pinholes from the left of 
Figure 1 a) are the front pinholes of pin-set 1, and the second pair from the left are the rear 
pinholes of pin-set 1. 
Part b) shows the locations of pinholes on containers of different lengths.  Containers of 20 
ft and 40 ft length have pinholes at each vertex.  The other 30 ft and 48 ft containers shown 
have pinholes at each vertex as well as four interior pinholes.  Because these containers are 
not multiples of 20 ft, the internal pinholes are required for alignment with wagon pinholes. 
Part c) shows two possible arrangements for a 30 ft and 20 ft container on the wagon.  There 
are two pin spacings on the 30 ft container and either of them could be used.  Note that deck 
space is often wasted when loading containers that are not multiples of 20 ft in length. 
 
a) 
20 ft 
20 ft 
20 ft 
40 ft 
30 ft 
40 ft 
40 ft 
48 ft 
b) 
c) 
front rear 
1 2 3 
 
Figure 1. (a) Top view showing wagon pinholes spaced at 20 feet. The wagon capacity is 
three 20 ft containers. (b) Top views showing pinholes for 20, 40, 30, and 48 ft containers. (c) 
Top views showing the positions of a 30 ft and 20 ft container. Pins are located in the 
blackened pinholes. 
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Apart from influencing the positioning of containers on wagons, pins have another 
significant impact on load planning.  After wagons are unloaded the pins remain locked in the 
wagon.  This means that empty wagons have pins already in place corresponding to the most 
recent arrangement of containers.  If the wagon is loaded with a different pin arrangement 
yard staff must manually change the pins on the wagon.  This operation wastes time and 
should be avoided where possible.  It is therefore favourable to maintain the existing pin 
arrangements of wagons.  There are two types of changes that can be made to an existing pin 
arrangement.  Firstly, pins locked into place when required.  Secondly, existing pins are 
retracted from pinholes that are required to be empty.  For example, in Figure 1 c) to go from 
one configuration to the other requires a total of four pin changes (changing one pair of pins is 
considered to be one pin change). 
3.4. Constraints 
Apart from the many constraints obviously required to accurately model load planning, there 
are several physical constraints relating to technical issues and safety.  The first of these is 
that each type of wagon has a particular mass limit.  It is forbidden to load a wagon above its 
prescribed mass limit.  A second constraint is the maximum height allowed on the particular 
rail corridor.  Some containers are unusually tall and must be loaded onto wagons with a low 
deck to satisfy the height restriction.  The third physical constraint is that certain wagons are 
specialized to carry certain containers, for example some refrigerated containers require 
wagons with an external power supply.  The final constraint is that containers carrying certain 
dangerous goods must be separated by a prescribed distance on the train. 
4. MODEL FORMULATION 
In this section the proposed mixed-integer linear model is presented as a tool for dynamic 
load planning of intermodal trains.  Each time a triggering event occurs, the load plan should 
be revised by obtaining a solution to the model with parameters obtained from a real time 
terminal information system.  Parameters of the model fall into the categories of fixed and 
dynamic parameters.  Fixed parameters include container and wagon specifications, sequence 
of wagons, initial pin configurations, allowable container/wagon matches and dangerous 
goods separations.  Dynamic parameters can change throughout the loading process and 
describe the current state and location of all containers, wagons and trucks in the system.  
Future values of the dynamic parameters are uncertainties of the model.  The decision 
variables of the model determine for each container the assigned wagon and position on the 
wagon.  The following notation represents the parameters and variables of the model. 
Fixed Parameters 
wn  number of wagons, (j = 1, ..., nw) 
deck
jl  deck length of wagon j 
w
jl  total length of wagon j 
w
jm  empty mass of wagon j (tare weight) 
js  number of slots on wagon j 
jqf  1 if front pin holes of q’th slot initially pinned, 0 otherwise 
jqg  1 if rear pin holes of q’th slot initially pinned, 0 otherwise 
jqa  position on wagon deck of front pinholes for the q’th slot 
jqb  position on wagon deck of rear pinholes for the q’th slot 
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in
kx  position of inbound container k on its wagon (
n
01 jj
k Q  see below) 
in
kl  length of inbound container k 
n  number of outbound containers (i, h = 1, ..., n) 
il  length of container i 
im  mass of container i 
[ ]u i  number of whole slots spanned by container i (eg: u[i] = 1 for 20 ft and 30 ft 
containers, u[i] = 2 for 40 ft, 48 ft and 51 ft containers) 
 
Dynamic Parameters 
u
tC  set of containers in state u in period t, {O,A,K,G,L}u , C = 1,...,n 
jtQ  set of inbound containers on wagon j with no truck waiting for pick-up in  
 period t 
ip  position of container i waiting on platform such that 
 
w 1
w
1 1
n j
i j ij i
j k
p l Y X   
 where Ai C   and t  (note that also K G Lt t ti C C ) 
 
Decision Variables 
ijtY  1 if container i assigned to wagon j in period t, 0 otherwise 
itX  position on wagon deck of container i assigned in period t (distance from front  of 
wagon deck to front end of container i) 
 
Other Variables 
it  1 if container i to incur double handling as assigned in period t, 0 otherwise 
ik  1 if container i behind inbound container k, 0 if in front, as assigned in current period 
ijq  1 if front pinholes of q’th slot on wagon j assigned for container i, 0 otherwise, as 
assigned in current period 
ijq  1 if rear pinholes of q’th slot on wagon j assigned for container i, 0 otherwise, as 
assigned in current period 
i  1 if rear of container i aligns with pinholes, 0 if front aligns, 0 or 1 if both ends align, 
as assigned in current period 
ih  1 if container i in behind container h on a wagon, 0 if in front, irrelevant if i and h on 
different wagons, as assigned in current period 
 
4.1. Mixed Integer Linear Model 
The objective function consists of four distinct components, three of which relate to handling 
time and the fourth to mass distribution.  Before defining the model in its entirety, we will 
introduce each objective component in detail.  The most simple of objective components is 
that which measures double handling given below.  This equation determines a weighted sum 
of the number of containers detected to incur double handling, that is, with it =1.  Although 
this calculation appears simple, the constraints required to determine it  values are quite 
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complicated.  The parameter it reflects the expectation that a given container will incur 
double handling given its current state.  In its simplest form i takes a value of 0 for containers 
outside of the terminal ( Oti C ) and 1 for all others.  However, this is a control parameter of 
the model and is the subject of experimentation later in this paper. 
1
n
t i it
i
DH   (1) 
The second objective component is that which determines how many pin changes are 
required for the current load plan.  There are two types of pin changes that can be performed 
including the retraction of unused pins and the insertion of additional pins.  Consider a wagon 
j and the front pair of pin-set q.  The expression 
1
1
n
jq ijqi
f  will equate to 1 if pins that 
were present initially are unused and must be retracted.  Similarly, the expression 
1
(1 )
n
jq ijqi
f  will equate to 1 if pins initially retracted are required and must be inserted.  
Equivalent expressions also exist for rear pinholes.  By adding these expressions for all pin-
sets on all wagons and collecting terms, the following equation determines the total number of 
pin changes.  This gives the second objective component. 
w
1 1 1 1
(1 2 ) (1 2 )
jsn n n
t jq jq jq ijq jq ijq
j q i i
PC f g f g  (2) 
Carry travel is the third objective component related to handling time.  For each container 
that has previously arrived at the platform, this component determines the distance from the 
position assigned upon arrival (where the container was/is awaiting service) to the position 
assigned in the current period.  The following equation determines the total carry travel for 
the current load plan.  This includes carry travel that has already occurred as well as future 
carry travel predicted by the load plan. 
w
K G L
1
w
1 1
t t t
n j
t i k ijt it
j ki C C C
CT p l Y X   (3) 
These three components have been combined into a single expression for load plan related 
handling time, mv pct t td DH d PC CT v .  The parameters dmv and dpc give the duration of one 
container move and one pin change respectively.  The parameter v is the average velocity of a 
handling machine. 
Finally, the fourth objective component is the centre-of-mass of the train.  For this 
expression the formula for centre-of-mass on a 1-dimensional rod with point masses is used, 
that is, 
j j jj j
x M M  where the j’th point mass is at position xj on the rod and has a mass 
of Mj.  When adapting this formula to the load planning situation it is assumed that mass of 
each loaded wagon is concentrated into a point mass located at the mid-point of the wagon.  
Using this assumption with the defined parameters and variables and collecting terms gives 
the following expression for calculating the centre-of-mass of the current load plan. 
w w1 1
w w w w w
tot tot
1 1 1 1 1
1 1
2 2
2 2
n nj j n
t j j k j k j ij
j k j k i
CM m l l l l m Y
m m
 (4) 
 where 
w
tot w
1 1
n n
j i
j i
m m m  
Expressions (1) to (4) are collected to form the objective function of the proposed model.  
The objective is to minimize the weighted sum of the combined handling time and centre-of-
mass expressions.  This yields the following objective function subject to the constraints listed 
below. 
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1 mv pc 2min t t t t tz d DH d PC CT v CM  (5) 
subject to 
w
1
1
n
ijt
j
Y  1,...,i n  (6) 
( 1)ijt ij tY Y  
L
w, 1,...,ti C j n  (7) 
( 1)it i tX X  
L
w, 1,...,ti C j n  (8) 
w
deck
1
n
it i i ijt
j
X l l Y  1,...,i n  (9) 
(2 )it i ht ijt hjt ihX l X M Y Y M  1,..., , 1,...,i n h i n  (10) 
(2 ) (1 )ht h it ijt hjt ihX l X M Y Y M   
  1,..., , 1,...,i n h i n  (11) 
1
js
ijq ijt
q
Y  w1,..., , 1,...,i n j n  (12) 
1
js
ijq ijt
q
Y  w1,..., , 1,...,i n j n  (13) 
( [ ] 1)ij q u i ijq  w1,..., , 1,..., ,i n j n  
  1,..., [ ] 1jq s u i  (14) 
w
1 1
jsn
it jq ijq i
j q
X a M  1,...,i n  (15) 
w
1 1
(1 )
jsn
it i jq ijq i
j q
X l b M  1,...,i n  (16) 
ib (1 )it i k it ijt ikX l x M M Y M  
O A K ,t t ti C C C w1,..., , jtj n k Q  (17) 
ib ib (1 ) (1 )k k it it ijt ikx l X M M Y M   
  O A K ,t t ti C C C w1,..., , jtj n k Q  (18) 
1it  
G
ti C  (19) 
( 1)it i t  
L
ti C  (20) 
0itX  1,...,i n  (21) 
{0,1}ijtY  w1,..., , 1,...,i n j n  (22)  
, {0,1}it i  1,...,i n  (23) 
{0,1}ih  1,..., , 1,...,i n h i n  (24) 
, {0,1}ijq ijq  w1,..., , 1,..., , 1,..., ji n j n q s  (25) 
In the objective function, (5), there are two new parameters 1 and 2 which represent the 
weights of handling time and centre-of-mass respectively.  Constraint, (6), ensures that each 
container is only assigned to one wagon.  Once containers have been loaded onto the train, (7) 
and (8) ensure their position on the train is unchanged in future load plan revisions.  
Containers are not allowed to overhang the end of a wagon deck and this is enforced by (9).  
Constraints (10) and (11) prevent each pair of containers from overlapping their positions on 
the train. 
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Constraints (12) and (13) ensure that pinhole assignments are consistent with wagon 
assignments for each container.  Front and rear pinhole assignments must also be consistent 
with the size of container and this is enforced by (14).  Pinhole assignments must also be 
consistent with the position assigned to a container, and this is enforced by (15) and (16).  
Note that these constraints have been linearized which is not shown here for the sake of 
brevity. 
For any container waiting on the platform or outside of the terminal, (17) and (18) detect 
whether the assigned position overlaps with an inbound container still on board the train.  
Constraints (19) and (20) ensure that double handling is correctly detected for containers on 
the ground and on the train respectively.  Expressions (21) to (25) define the domains of all 
variables. 
This model is quite different from other train planning models (Corry and Kozan 2004, 
Bostel and Dejax 1998) because the different lengths of containers is taken into consideration.  
Where the previous models were assignment models which are easy to solve, the model 
proposed here resembles scheduling on parallel machines which is difficult to solve.  
Consider wagons to be machines and containers to be jobs.  The position of a container on the 
wagon corresponds to the job’s starting time and the container’s length corresponds to the 
processing time.  Alignment of pinholes between containers and wagons can be represented as 
sequence dependent set-up times.  Assuming that all wagons are the same length, the deck 
length of wagons can be represented as a common due-date.  Since the problem of minimizing 
total tardiness on one machine (and hence parallel machines) is NP-hard (Du and Leung 
1990), we contend that the proposed model is also NP-hard. 
4.2. Additional Technical Constraints 
As described earlier in this paper there a several other constraints relating to regulatory issues 
and modes of operation.  These were not included in the model definition because they may 
change from one intermodal terminal to another. The following constraints can optionally be 
added to the model. 
w max
1
n
j i ij j
i
m mY m  w1,...,j n  (26) 
ij ijY y  w1,..., , 1,...,i n j n  (27) 
w w1 1
w w
1 1 1 1
n nj j
k ij k hj i h h ih
j k j k
l Y l Y X X l d  
  1,..., , 1,..., ,i n h n i h  (28) 
w
1
n
it jt ijt
j
u Y  
O A K
t t ti C C C  (29) 
Constraint (26) enforces the maximum allowed weight for each wagon where mj
w
 is the 
empty weight of wagon j and mj
max
 is the maximum allowed gross weight for wagon j.  When 
certain containers can only be loaded on certain wagons constraint (27) is used.  The binary 
parameter yij equals 1 iff container i is allowed to be loaded onto wagon j.  Constraint (28) 
enforces dangerous goods separations.  The parameter dih is the minimum separation distance 
between containers i and h.  Finally, constraint (29) detects double handling in the case where 
an assigned wagon is made unavailable for loading because of maintenance or shunting.  The 
binary parameter ujt equals 1 iff wagon j is unavailable in period t. 
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4.3. Using the Model in Practice 
In practice, dynamic centralized load planning would require a real time information system 
to track the status of containers, handling machines and trucks in the terminal.  This 
information would trigger load plan revision in real time and provide the input parameters for 
the model.  Once the load plan was revised it would be communicated to the gate for directing 
trucks to the platform and to handling machines to direct them when loading container onto 
the train.  Most intermodal terminals already have existing infrastructure for communication 
in the form of wireless networks and remote terminals. 
5. SOLUTION TECHNIQUES 
Because of the difficulty of solving the model exactly, a local search heuristic was developed.  
The neighborhood developed for the local search heuristic was then adapted for the simulated 
annealing meta-heuristic.  Each time an event occurs to trigger a load plan revision, these 
heuristics can be used to find good solutions to the model.  The current load plan can be 
provided as an initial solution for the heuristics to determine a revised load plan.  The 
remainder of this section describes the heuristics in more detail. 
5.1. Local Search 
Local search is a steepest decent method used to find locally optimal solutions.  Given a 
particular solution, local search examines every solution within a defined neighbourhood of 
the current solution.  The best of these neighbourhood solutions is selected for the next 
iteration and the process continues until no further improvement can be made.  Typically a 
neighbourhood is generated by defining a simple perturbation scheme which can be applied 
many times to different components of the solution. 
Therefore, it is required to determine a convenient representation for load planning 
solutions that is amenable to a perturbation scheme.  For this reason, load plans are 
represented as a sequence, which defines the sequence of containers along the train.  Based on 
this representation a simple perturbation scheme is used which swaps the location of two 
containers in the sequence.  It is now required to define a method of translating a sequence of 
containers into a load plan.  Note that several different load plans can have all containers in 
the same sequence.  The only difference between these load plans is the spacing between 
some of the containers.  Because of this, it is necessary to make some deductions about the 
characteristics of an efficient load plan. 
The main characteristic is that to minimize the centre-of-mass, an optimal solution will 
have the minimum amount of empty space between consecutive containers.  This policy is 
also favourable to terminal operators because the containers can be loaded onto the minimum 
number of wagons possible.  Based on this principle, the load plan is generated from the 
sequence such that containers are loaded as close together as possible.  The only time this rule 
is ignored is when a container requiring power supply has been assigned to the next wagon in 
front of a powered wagon.  In this instance the container is pushed back to the powered 
wagon. 
It is important to be conscious of pinhole alignment when generating a load plan from a 
container sequence.  Consider the example of a 48 ft container being at the front of a wagon.  
If the next container is 20 ft, it is not possible to position it immediately behind the 48 ft 
container because its pinholes will not align.  To achieve alignment, a gap of 12 ft is required 
between these two containers.  In this case there are two possible positions for the 48 ft 
container because the 12 ft gap can be either in front of or behind the container.  When this 
occurs, the position is selected such that the minimum number of pin changes are incurred.  
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This example is demonstrated in Figure 2 where option B would be selected in favour of 
option A to save two pin change operations. 
 initial pin setup 
option A: four pin change operations 
option B: two pin change operations 
 
Figure 2. Adjusting a container’s position to minimize pin changes. 
To summarize, local search uses a sequence representation of load plans.  During each 
iteration, a swap operation is performed on every pair of containers.  Before the next iteration, 
local search swaps the pair of containers resulting in the most improved load plan.  If no 
improvement is made the algorithm stops.  The weakness of this approach is that there is no 
way to escape the attraction of a local optimum.  There may in fact be superior solutions 
beyond the region of attraction for the solution found.  To overcome this weakness, simulated 
annealing has also been applied to the load planning problem.  The following section outlines 
how this was done. 
5.2. Simulated Annealing 
Simulated annealing (SA) was applied using randomly selected solutions from the swap based 
neighbourhood of the proposed local search heuristic.  A standard geometric cooling schedule 
was used.  Control parameters include the initial temperature, T0, the cooling factor, f, the 
number of temperature steps s and the number of iterations nit. 
6. NUMERICAL INVESTIGATION 
This section describes a series of experiments conducted to assess the variants of the proposed 
model and heuristics.  Variants of the model include assigning various values to the double 
handling parameter i in (1) and a variation of carry travel (3) that is described later.  The 
results of these experiments are assessed to ascertain whether the proposed model adequately 
captures the relationship between load planning and handling time.  In order perform these 
tests a computer simulation model of a hypothetical intermodal terminal was developed and is 
described in the following section. 
6.1. Simulation Model 
The numerical investigation of this section used a computer simulation model embedded with 
the proposed load planning methodologies.  The simulation model consists of the following 
entities: 
1. Transient Entities: These include trucks, inbound containers and outbound containers. 
Proceedings of the Fifth Asia Pacific Industrial Engineering and Management Systems Conference 2004   
 
 30.4.13 
2. Arrival Generator: Generates arrivals of trucks for delivery and collection.  Inter-
arrival times are exponentially distributed. 
3. Gate: Process arriving trucks and directs them to the platform.  Collecting trucks are 
directed adjacent to the wagon their container arrived on.  Outbound trucks are 
directed adjacent to the wagon their container is assigned to. 
4. Platform: Trucks wait here to be serviced by handling machines. 
5. Storage: Grounded containers wait here to be serviced by handling machines. 
6. Train: Inbound containers wait to be unloaded and outbound containers finish here. 
7. Handling Machines: Service waiting containers and trucks.  More detail is given later 
on their operating policies. 
8. Load Planner: Revises load plan when triggered and notifies gate and handling 
machines. 
Entities 1 to 5 are passive players, either operating on very simple principles or changing 
state only by the actions of other entities.  The gate is simply a communication point for 
arriving trucks and the load planner.  The storage area and platform are handling machine 
queues with associated spatial information.  It is assumed that no shuffling is performed to 
access containers in storage.  Handling machines are modeled like reach stackers or forklifts.  
They can cross paths but cannot perform simultaneous moves within a given safety margin.  
Their operating strategies will be discussed shortly.  Finally, the load planner is the only 
‘intelligent’ entity.  When a triggering event occurs, the load planner retrieves the status of all 
entities in the system and uses one of the proposed heuristics to develop a revised load plan.  
This in turn influences future operations of the gate and handling machines.  Figure 3 gives a 
visual representation of the relationships between the permanent entities and the flow of 
transient entities through the system. 
 
Arrival 
Generator 
Gate 
Platform 
Storage 
Train 
Load 
Planner 
Legend
: 
Truck 
Outbound Container 
Inbound Container 
Handling Machine 
Communicate with  
Load Planner 
 
Figure 3. Illustration of a computer simulation model for an intermodal terminal.  The 
container with a bold outline shows an example of an outbound container going through the 
system. 
For the simulated terminal, two handling machines similar to forklifts were used.  These 
operated using a priority based nearest job rule.  The priority groups were: (1) containers with 
waiting trucks; (2) inbound containers onboard train to be unloaded to ground; and (3) 
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grounded outbound containers.  This reflects the priorities of many terminals where the 
waiting time of trucks is important.  When selecting its next job, a handling machine would 
choose the nearest highest priority job.  A safety margin of 20 ft is used to separate the 
machines and they travel at 30 km/h.  Each container move takes 1 minute and each pin 
change also takes 1 minute.  It is assumed that pin changes are performed by machine 
operators, or the machine operators must wait for ground personnel to change pins. 
6.2. Experimental Design 
Five datasets were generated each with 100 containers and 39 wagons.  Of the 100 containers 
each dataset contained 4 dangerous goods containers of 20 ft, 47 regular 20 ft containers, 10 
containers of 30 ft, 34 containers of 40 ft and 5 containers of 48 ft.  All wagons had a deck 
length of 80 ft and overall length of 86 ft.  For each dataset the weight of each container was 
randomly generated from a uniform distribution with ranges 2 – 4 tonnes for 20 ft containers, 
3 – 5 tonnes for 30 ft containers, 4 – 8 tonnes and 5 – 9 tonnes for 40 ft and 48 ft containers 
respectively.  Also each dataset consisted of a randomly generated configuration of inbound 
containers for each wagon.  Two separate sets of arrival times for inbound and outbound 
trucks were randomly generated for each dataset.  Both sets of arrivals were generated from 
exponential distributions with an average inter-arrival time of 90 s.  To summarize, each of 
the five datasets consisted of randomly generated container masses, randomly generated 
inbound configurations of wagons and randomly generated truck arrival times and sequences. 
These five datasets were used to experiment with variations of the model and to compare 
local search with simulated annealing.  The first variation of the model involved the 
introduction of a modified carry travel penalty function.  This modification called a threshold 
penalty (TP) added a penalty of 10 000 ft to (3) for any container that was carried for longer 
than 1 minute (or further than 1667 ft).  Typically, carry travel is incurred to take advantage of 
a new vacant slot and therefore avoid double handling.  In preliminary experiments, it was 
noticed that some containers were being carried for longer than the time savings of avoided 
double handling.  This can occur when a container’s assigned position is revised several times 
and the carry gradually becomes longer.  The threshold penalty was devised to ascertain 
whether any benefit would be gained by preventing the gradual inflation of container carries. 
The second variation of the model was to investigate several values for the parameter i in 
the double handling function (1).  This parameter was implemented as shown in (30).  Values 
of 0, 0.25, 0.5 0.75 and 1 were tested for .  Using these values was intended to ascertain the 
benefit in applying no penalty, a partial penalty or a full penalty for double handling when 
containers outside of the terminal are blocked by inbound containers occupying their assigned 
positions. 
O,
1, otherwise
t
i
i C
  (30) 
Table 1. Algorithms and model variants tested. 
  Threshold  
Code Algorithm Penalty 
ls-0-0 local search no 0 
sa-0-0 simulated annealing no 0 
sa-tp-0 simulated annealing yes 0 
sa-tp-0.25 simulated annealing yes 0.25 
sa-tp-0.5 simulated annealing yes 0.5 
sa-tp-0.75 simulated annealing yes 0.75 
sa-tp-1 simulated annealing yes 1 
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Table 1 defines all variations tested in this paper.  The codes in the left hand column are 
used throughout this section to differentiate between the variants.  Each of these variants were 
applied to the five datasets for the following values of 2 (see (5)), 0, 0.5, 1, 2, 5, 10, 50, 500.  
The parameter 1 had a value of 1 in all cases.  Results presented in the next section give the 
average obtained over the five datasets for a give value of 2.  This regime of experiments 
resulted in a total of 245 (7 7 5) individual load planning simulations. 
All code was written in C++ and implemented on an SGI Origin 3000. 
6.3. Results 
This section presents the results of 245 simulations described in the previous section.  Table 2 
gives the average final objective values for each combination of heuristic and centre-of-mass 
objective coefficient.  These final objective values indicate that simulated annealing with a 
threshold penalty and  = 0.5 generally achieved better solutions.  It is also obvious that 
simulated annealing is superior to local search.  To gain more insight into these results, the 
four objective components, pin changes, double handling, carry travel and centre-of-mass 
have been analyzed separately below. 
Table 2. Objective values for final load plans averaged over five datasets. 
 2 
Heuristic 0 0.5 1 2 5 10 50 500 
ls-0-0 5926.8 8063.2 8852.4 10338.2 15191.4 23159.4 85755.7 775728.0 
sa-0-0 3604.5 4489.4 5403.6 6913.9 11776.2 19324.4 79604.8 745702.6 
sa-tp-0 3463.7 4342.6 5291.9 6839.6 11582.9 19369.0 79604.8 745780.6 
sa-tp-0.25 3480.8 4389.7 5057.4 6836.1 11525.8 19216.1 79443.7 745566.4 
sa-tp-0.5 3401.4 4277.6 5182.6 6615.8 11487.3 19300.0 79327.9 745582.8 
sa-tp-0.75 3479.0 4443.7 5319.3 6862.2 11582.4 19386.0 79358.6 745683.0 
sa-tp-1 3955.1 4895.5 5685.3 7298.2 11900.8 19548.0 79700.2 745552.8 
 
Figure 4 shows the simulation results for the centre-of-mass component.  The vertical axis 
shows the centre-of-mass measured in feet from the front of the train.  It should be noted that 
the total train length is 3354 ft (39 86 ft).  Rather than representing 2 directly, the horizontal 
axis represents 2ln(1 )  to increase the clarity of the graph.  This figure shows that the 
simulations using simulated annealing begin relatively close together with 2 = 0 and then 
diverge until 2 = 2 is reached.  From this point the lines converge until 2 = 500 where all 
simulated annealing variations have achieved almost identical centre-of-mass values.  In 
terms of ranking, the simulated annealing variations seem to achieve better centre-of-mass 
values as  increases.  This is not surprising since higher values of  mean that containers 
outside of the terminal are given increased priority for vacant slots compared with containers 
waiting on board trucks.  Because there is a larger pool of containers to select from for vacant 
slots, a better centre-of-mass can be achieved.  As will be demonstrated shortly, this gain 
comes at the expense of handling time.  The final point to notice in Figure 4 is that local 
search achieves a better centre-of-mass for lower values of 2 but is quickly overtaken by 
simulated annealing from 2 = 5 to 10. 
Simulation results for the average number of pin changes are shown in Figure 5.  These 
results indicate very little difference between the simulated annealing heuristics with an 
increased separation at l2 = 500 where  = 0.5 seems to achieve the fewest number of pin 
changes.  Local search performs quite badly and achieves about twice as many pin changes as 
the simulated annealing heuristics. 
Proceedings of the Fifth Asia Pacific Industrial Engineering and Management Systems Conference 2004   
 
 30.4.16 
In terms of double handling, Figure 6 shows that there was greater variation between the 
simulated annealing heuristics.  Although there was some variation,  = 0.25 generally 
seemed to achieve the lowest double handling followed by  = 0.5.  The simulated annealing 
heuristic with the highest double handling had  = 1.  This was expected because containers 
waiting on trucks are not given priority for vacant slots. 
Figure 7 demonstrates more variation than the other objective components.  The simulated 
annealing heuristics begin with a large spread of values at 2 = 0 and gradually converge to a 
small range at 2 = 500.  Local search seems to incur much less carry travel than the 
simulated annealing heuristics particularly as 2 increases.The three handling time objective 
components were aggregated for each simulation into load plan related handling time.  This 
corresponds to the first term of the objective function (5).  These handling time values were 
averaged over the five datasets and plotted against average centre-of-mass for a pareto front 
analysis of the two objectives. 
Figure 8 gives the result of this analysis and again shows simulated annealing to be far 
superior to local search.  The simulated annealing heuristics ranked fairly close together but  
= 0.5 generally leads the other fronts.  Of the simulated annealing heuristics  = 1 had the 
least attractive front. 
Load planning related handling time constitutes only a fraction of total handling time.  
Total handling time includes movements of inbound containers and empty travel of handling 
machines.  These aspects of handling were not included in the model because they are mostly 
beyond the influence of load planning.  Even if they were strongly influenced by load 
planning, the dynamics of these movements would be too complex and terminal specific for a 
load planning model to be practical. 
The final results presented in this paper attempt to verify that the proposed model 
accurately captures the relationship between load planning and handling time.  This is 
achieved by repeating the above pareto analysis but replacing the load planning handling 
times with the total handling times observed in the simulations.  Figure 9 shows the outcome 
of this analysis.  In general, Figure 8 and Figure 9 are quite similar which is an indication that 
the model has captured handling time accurately.  The most obvious difference between the 
two is that simulated annealing with  = 1 seems to be worse than predicted by the model 
with respect to the other simulated annealing heuristics. 
From an operational view point, the pareto analysis suggests that significant gains in 
centre-of-mass could be achieved without much additional handling time.  This trend 
continues from the right of the graph until the centre-of-mass reaches about 1575 ft.  From 
this point, further improvements begin to incur significant additional handling time.  Based on 
these results, simulated annealing with  = 0.5 and 2 = 10 would be a good candidate for the 
simulated terminal.  In Figure 9, this corresponds to the asterisk point closest to the value 
1575 on the horizontal axis. 
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Figure 4. Centre-of-mass averaged over five datasets for various values of 2. 
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Figure 5. Number of pin changes averaged over five datasets for various values of 2. 
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Figure 6. Number of double handles averaged over five datasets for various values of 2. 
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Figure 7. Total carry travel in feet averaged over five datasets for various values of 2. 
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Figure 8. Pareto front analysis for handling time objective components versus centre-of-
mass averaged over five datasets. 
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Figure 9. Pareto front analysis for total observed handling time versus centre-of-mass 
averaged over five datasets.  
7. CONCLUSION 
This paper has proposed a mixed-integer model for dynamically load planning intermodal 
trains.  The objectives were to minimize handling time and to optimize the load distribution of 
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the train.  A rolling horizon approach was taken to deal with many uncertain parameters.  
Because the model is NP-hard, local search and simulated annealing heuristics were 
developed to generate solutions. 
Simulation experiments were performed to evaluate variants of the rolling horizon model 
and the proposed heuristics.  Simulated annealing was shown to be far superior to local 
search.  It was also shown that significant gains could be made in terms of mass distribution 
with limited additional handling up to a certain critical point. 
Future research will generalize the model further by considering alternative relationships 
between containers, wagons and pins which exist in reality.  Another possible extension of the 
model will be to explicitly include storage utilization in the model and consider reshuffles as 
part of the handling time. 
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